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AHHOTANUA

[Mmennyno-pkaHON THOpPUA - TpuUTHKaie, oOmagas OOraThIM AMHHOKHCIIOTHBIM COCTaBOM H
HOHIKECHHBIM COJICp)KaHHEM TIIIOTEHA B COCTaBE MYKH, HAa CETOJHAIIHUN JCHB SBISCTCS NEPCIIEKTHBHOMN
3€pPHOBOM KYJIBTYPOH IS MCHOJIB30BaHUS B XJEOONMEKapHOM Mpou3BoAcTBe. OIHAKO TPaJUIMOHHBIC
peLenTypbl, KOTOpbIE MPUMEHSIOTCS JUIS BBIICYKH MIICHUYHOTO M PXKAHOTO XJieOa, HE MOJAXOJST IS
TPUTHKAJIEBOTO, TPeOYsI HOBOTO IOAX0/a K TEXHOJIOTMU PUTOTOBIEHH. [l yIIydIIeHus: CBOMCTB TecTa
Y TOTOBOW BBINEYKH HCIIOJb30BaHA 3aKBacKa Ha OCHOBE KOHCOPIIMYMa MOJIOYHOKHCIBIX Oaktepuii. B
COCTaB KOHCOpIIMYMa BOLUIM TpH InTamma saktodakrepuid: Limosilactobacillus fermentum 311,
Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126. Ha ocHoBe KoHCOpHHyMa OBLIH
pa3paboTaHbl HECKOIBKO BHJOB 3aKBACKH, COJEPXKAIIMX TPUTHKAIEBYIO M MIIEHHYHYIO MYKY, BOIY U
KOHCOpUMYM. BbUTH ompeneneHsl KUCIOTHOCTh, aHTarOHUCTHYECKas W ()EPMEHTATHBHAS aKTUBHOCTh
3akBacku. OcyiecTiieHa poOHas BBINEUKa xjiebda ¢ pa3HbIM COJIEpP)KaHHEM 3aKBACKH, B XOJIe KOTOpOU
OBLIO ompeneneHo, 4To AoOaBieHHe 3akBacku B KonmdecTBe 10% B TEXHOIOTHMYECKOM Tpoliecce
BBIPA0OTKH TPUTUKAIEBOTO XJieOa MO3BOJISET COKPATUTH MPOIOIDKUTEIBHOCTh PACCTOMKM Ha 12 MUHYT,
yIy4IIaeT Ka4eCTBO FOTOBOTO MPOIYKTa U YBEIHMYMBACT CPOKU XPAaHEHUsI TOTOBBIX U3ICTHHI 10 5-6 CYTOK,
a TaKKe TOBBIIIAET YCTOMYMBOCTD XJieba K «KapToQerbHON 00Ie3HM» U TUIECHEBEHHUIO 332 CUET BBICOKOH
AQHTarOHUCTUYECKOI aKTHBHOCTH MPOOHOTHYECKHX MUKPOOPTaHH3MOB 3aKBACKH.

KiioueBble cjioBa: TpUTHKAJIE, MOJIOYHOKHCIIBIE OaKTepHH, MPOOHOTHYECKasl 3aKBaCKa.

H3BecTHO, 4TO NMEIOIas IPUOPUTET B UCIIOIb30BAHUH NIIICHUIA HEJOCTATOYHO YCTOWYUBA
K psly 3a00J1€BaHUM, CTPAZAET OT SKCTPEMAIbHBIX SKOJOIMUECKUX YCIOBUI, UMEET OHUKEHHOE
COZlepKaHUe psifla HE3aMEHUMBIX aMUHOKHUCIIOT, B IIEPBYIO Odepelb, au3nHa. lIpenmymectsom
P’KH SABIISIOTCS BBICOKHME MPOJYKTUBHOCTh U YCTOMUMBOCTh K HEOJAronpUsATHBIM YCIOBUSM, B TO
e BpeMsS OHa OTIMYaeTCs HHU3KUMH XJIeOONEKapHBIMH CBOMCTBaMU. B cB3M C 3TuM,
NpPEACTaBIsIeT MHTEPEC 3€pHOBas KylbTypa TpPUTHKale, NpeAcTaBistomas co0oi rudbpun
nieHunsl 1 pxkd. [upokoe u ObICTpoe pacnpocTpaHeHUE TPUTHUKAJIE MPOU30ILIO Ojaronaps
BBICOKOW YpO>KaWHOCTH, HENPUXOTIUBOCTU B BO3JENbIBAHMM (YCTOMUMBOCTU K OOJE3HSM,
MO3BOJIAIOIIEN MCKIIIOUUThH MPEANIOCEBHOE MPOTPABIMBAHUE CEMSH, BBICOKOW 3MMOCTOMKOCTH),
HOBBIIICHHOMY COJICP)KaHHIO JIN3MHA U YHHBEPCAJIbHOCTH B HCIIOJIb30BaHuH [ 1-5].

BwMmecte ¢ Tem, OTCyTCTBHE NPAKTUYECKON peain3allii TEXHOJIOTHU XJieba U3 TpUTHKAIIE,
HU3Kas YAOBJIETBOPEHHOCTh IOTPEOUTENIEH aCCOPTUMEHTOM  XJIEOOOYIOYHBIX — M3AEIHH,
BBIABIISIEMAasi B IPOIIECCE COIMOJIOTMYECKHX OINPOCOB, a TAK)KE HEOOXOIUMMOCTh aKTyalH3alluu
IOJXO/M0B K OLEHKE MOTPEOUTENbCKMX CBOMCTB OOOTrallleHHBIX H3AEINi, OOOCHOBBIBAIOT
11e51ec000pa3HOCTh MPOBEACHUS UCCIIEIOBAaHUN B 3TOM HAIPABICHUH.

bonpmioil mHTEpeC NpEACTaBIAET NPUMEHEHUE B TEXHOJIOTMH MYYHBIX KOHIUTEPCKHX
U3JIeJIMA BMECTO MYKHU IMIIEHUYHOU BBICIIErO COPTa TPUTUKAIEBOW MYKH, KOTOpasi, BO-IIEPBBIX,
oTanyaerca 0ojee BBICOKMM COJEPKaHMEM *XMU3HEHHO Ba)KHOM aMHUHOKMCIOTHI JM3MHA B 1 T
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6emnka, 60IBIINM coaepxKaHueM pudodIaBuHa, THAMUHA, HEKOTOPHIX MaKpO- U MUKPO3JIEMEHTOB,
BO-BTOPBIX, 00JIQ/IaeT JIyYIIMMH TEXHOJOTHYECKUMH CBOMCTBAMH JIsl JAHHBIX BUJIOB W3ICIIHIA,
TaK KaK COJICPKHUT MEHbIIIE KICHKOBUHBI Cl1a0o0ii 1o kauecTBy [6-10].

Ha ocHOBaHWY KOMIUIEKCHBIX HCCIIEAOBAaHUM MTOKa3aTese 0€30macHOCTH, XJI1e00meKapHbIX
CBOWMCTB W COCTaBa 3epHA TPHUTHKAIE TEOPETUYECKH OOOCHOBaHA M HAyYHO MOJTBEPKICHA
11eJIECO00PAa3HOCTh €ro TMPUMEHEHUsS B TEXHOJOTHH MPOM3BOACTBA Xiseba. PaspaGoranHas
3aKBacKa Ha OCHOBE KOHcopimyma MosodHokucibix Oakrepuit (MKB) Limosilactobacillus
fermentum 3111, Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126,
AHTAarOHUCTHYECKH AaKTHUBHOTO B OTHOUIeHWH Oaktepuit Bacillus subtilis, MoxeT OBITh
UCTIOJIb30BaHA B TMPHUTOTOBIICHHWH  TPUTHKAIEBOTO  xyeba JUIs  3aIIUTBI  €ro  OT
MHKpoOHoorndeckoi mopuu [11-13].

Hay4nast HOBU3HA TaK)Ke 3aKIII0YaeTCsl B HAYYHOM 0OOCHOBAaHUH PEIETITYPhl H TEXHOJIOTHH
MPOU3BOJICTBA KOMOMKOPMOB C TMPUMEHEHHEM TIPOPOIICHHOTO 3€pHAa TpPUTUKAlE U
UCTIOJIb30BAaHUEM SKCTPY3MOHHOH TEXHOJOTHWU C IIETbI0 TIOBBIIICHHUS KAa4eCTBA M YBEIWYCHUS
CpOKa XpaHEHHUSI.

Martepuajabl 1 METObI HCCJIEIOBAHNS

OcHOBHBIMU 00BEKTaMU pa3pabOTKH CITY>KUJIN 3aKBacKa M XJieo.

OKCIEpUMEHTAIbHbIE HCCIEJOBAHUS MPOBOAMWIM C TOMOIIBI0O HUXE MPUBEICHHBIX
COBPEMEHHBIX METOJOB, MO3BOJSIIOIIMX HAa OCHOBE KOMIUIEKCAa TIOKa3aTelied IOIyYuTh
XapaKTEPUCTUKY ChIPbS U MPOTYKIIHH.

Jlns mosmydeHus 3aKBaCKM MCIOJIb30BAIM MYKY TPUTHKAJIE M MIIEHUYHYI0 MYKY BBICILIETO
copta. B kauectBe 3akBacku Ha ocHoBe MKbB ncnonbs3oBanu oToOpanHblil panee «KoHcoprmym
2», coctosmmii u3 Limosilactobacillus fermentum 3III1, Limosilactobacillus pontis 9K3 u
Lacticaseibacillus paracasei 126 B coorHomenun 1:1:1. Koncopuuym MKB BHOcHm B
NUTaTeIbHYI0 cpeny B Konnuectse 10%, kyapTuBHpOBanu npu temneparype 35+2°C B TeueHue
48 gacos.

O1eHKy OMOTEXHOJIOTHYECKUX CBOMCTB KOHcopumyMmMa (pH KyJnbTypaJlbHOW >KHIKOCTH,
KHCIOTOOOpa3yoIeld  aKTHBHOCTH, aHTaroHW3Ma) TPOBOAWUIM TIPU  KyJbTUBHPOBAHUU
MHUKpOOpranu3MoB Ha cpene MPC.

Jis  wWccnenoBaHWs —AHTarOHUCTUYECKOW aKTHMBHOCTH — MOJIOYHOKUCIBIX — OakTepuid
UCIoNb30BaIu MeTo 1 nudy3uu B arap. Ha moBepxHoCTh mmoTHoro arapa MITA B wamkax [letpu
3aceBan Ta3oHOM 0,1 MJI TeCT-KyIbTyphI ISl OINpENeTCHHs] aHTHOMOTHYECKON aKTUBHOCTU
Bacillus subtilis ATCC 6633 (1x10° KOE/mn). Ilocie 3aceBa TecT-KYIbTYpHl CTEPHILHBIM
OJI0KOPE30M BBIpE3JIN B Cpejie JIYHKH, JruaMeTpoM 10 MM, 1o 2 TyHKH Ha KaXKAbIH HCCIeyeMbIi
mraMM MKB. B kaxayto TyHKY BHOCHIJIM UCCIIEAYyEMBIN IITaMM B xkuakon cpeae MPC.

Tutpyemyro KUCIOTHOCTh ompenensanun metogoMm TepHepa. s storo ormepsuin 10 M
obpasna u mobGaBmsum 20 M IUCTWUTMPOBAHHOW Bombl W 3 kamum 1%-oro pactBopa
denondranenna. [lomydyeHHyl0 cMeCh mepeMemuBalId W TUTpoBaidu pactBopoM 0,1H egxoro
HaTpa [0 MOSBJICHHS cIa00-po30BOTO OKpAIIMBAaHUS, HE HMCUE3aIOIIero B TeueHue | MuH.
Pe3ynbrar ananusa mnodyyanau MyTeM pacdeTa KOJIMYecTBa IIEIOYH, YIIEAIEH Ha TUTPOBAHHE,
YMHO@€HHOro Ha 10.

PacnipocTpaneHHbIM MeTOAOM KOCBEHHOro ompeneneHuss aktuBHocth MKD  saBnsiercs
MPUMEHEHHE WHAMKATOPOB-KpacuTellel, BOCCTAHOBJIEHHbIE (POPMBI KOTOPBIX TMOJ JIEHCTBUEM
(GEepMEHTOB MHKPOOPTaHU3MOB HM3MEHSIOT OKpacky. Mbl ompenensiu (epMEeHTaTUBHYIO
aktuBHOCTh MKDB 1o ckopoctu nepexoaa romy6oit okpacku metuinenoBoit cunu (0,01% p-p) B
OecuBeTHyI0. B oHOCYTOUHBIX YnCTHIX KynbTypax MKB Hauano obecriBeunBaHusi METUIICHOBOU
CHHHU OTMEeYaoch uepe3 23-27 MuH, OJIHOE oOecIiBeunBaHne HacTymnano yepe3 50-70 muH. D10
CBUJICTEILCTBYET O BBICOKOH ()epMEHTATUBHOM aKTUBHOCTHU KYIBTYP.

Ha ocHOBe TpuTHKaneBOW M TMIIEHWYHOM MYKH CO3[ajyd TPU BapUaHTAa 3aKBACKU JJIA
CpaBHEHUS:
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Tputukanesas Mmyka + Boga + KOHCOPLIMLYM

TputukaneBas Myka u mieHnyHas Myk (1:1) + Boza + KoHCOpIIUYM

[Tiennynas Mmyka + Boja + KOHCOpUAYM

CootHomenne myku ¢ Bojoit 1:2 u 10% 3aceB koHCcOpImyMa

JlaboparopHble 00pa3mbl Xjieba TOTOBHIU CO CIEAYIOIIMM KOJUYECTBOM BHOCHMOM
3aKBACKH:

Oobpaszert 1 — KOHTPOJIb MO penenType 6e3 3aKBaCKU;

O6pa3er 2 — ¢ 3aKBackoi B komuecTse 5%;

Oo6pasern 3 — ¢ 3akBackoi B KonmuecTBe 8%;

O6pa3err 4 — ¢ 3akBackoii B konmmuectse 10%;

Obpaser 5 - ¢ 3akBackoii B konuuectse 12%.

B KkadecTBe KOHTPOJII HCIOJIB30BAIA OO0pa3lpl Xxjaeba W3 TPUTHKAICBOM MYyKH 0e3

3aKBackM. AHanM3 KayecTBa xuyeba mpoBoawiau uepe3 14-16 4 mocne BBIIEYKH 110

06H1€HpI/IH$ITBIM METOJHUKaM.

Pe3yabTaThl M 00Cy:KIeHHE

B mensx oTpaboOTKM ONTHMANbHBIX OMOTEXHOJOTMYECKUX PEKHMOB MOIyUCHUs
KOHCOpIMYyMa ObUIN MPOBEIEHBI HCCIEA0BAHUS 110 MOA00PY MUTATEIBLHOM Cpe/ibl, OTIPEAEIICHUIO
ONTUMAJFHOTO BPEMEHU KyIbTUBHUPOBAHUS, O0ECIEUYMBAIOIINX BBICOKUN THTp KieTok MKbB u
MaKCHMaJbHOE MPOSBICHUE UMH aHTarOHUCTUYECKUX CBOMCTB.

B npouecce 48 4acoB KyIbTUBUPOBAHHMS KOHCOPLIMYMa IMPOBOJAMJIACH  OIIEHKA
OMOTEXHOJIOTHYECKUX CBOMCTB - pH KymbTypanbHOM JKHIKOCTH, KHCJIOTOOOpa3yromen
aktuBHOCTH, antaronn3mMa MKbB B otHomenun B. subtilis ATCC 6633 u tutpa kietok (Tabmiuia

1).

Tabmmma 1 - XapakTepucTHKa TPOMBIIIIEHHO-TTEHHBIX CBOMCTB KOHCOPIIYMa

pH 4,05
Tutpyemas kucnotHocTb 1o TepHepy, °T 125 °T
Tutp kierok, KOE/mi 10 10
AHTaroHMCTUYECKAasi aKTUBHOCTb, MM 20,3 £0,3

Onpenensiu Bee moka3atenu uepes 24 u 48 yacos (Tabmuma 2).

Tabmma 2 - XapakTepuCTHKA TPOMBIIIIIEHHO-TIEHHBIX CBONCTB 3aKBACKH

Bapuantel
[Toxazarenu UYepes 24 gaca UYepes 48 yacos
T juinil T/TI1 T juinil T/TI1
pH 3,75 3,73 3,67 3,68 3,51 3,57
TuTpyemas KueioTHocTs 235 111 155 250 119 175
no Teprepy, °T
Tutp knerox, KOE/mn 101 101 10 1 1010 10 10 1010
AHTaroHucTUYeCKast
aKTUBHOCTH B oTHomeHuu | 17,0+0,1 14,0+0,2 19,0+0,1 17,0+0,1 13,0+0,1 15,0+0,1
Bacillus subtilis, mm
depMeHTaTUBHAS 42 65 56 43 72 57
aKTUBHOCTH, MUH
[Tpumeuanue — TpUTHKaJICBask MyKa, MIIICHUYHAs] MyKa, TPUTHKAJICBAs/ TIIIICHUYHAS MyKa
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HaunGonpmmii antaronnsMm MKB k 24 yacaM KyJbTUBUPOBAHMS MPOSBISIICS IPH
WCIIOJIb30BAHUU 3aKBACKM U3 MYKH TPUTHKAJE B CMECHU C MIIEHUYHOH MYKOH (AMaMeTp 30HBI
nonasnenuss pocra Bacillus subtilis 19 mm) n u3 tputukanesoir myku (17 mm). K 48 yacam
KyJIbTUBHUPOBAHUSI KOHCOPLIMYMa Ha CpeJie, C UCIOJIb30BAHUEM TOJIBKO TPUTUKAIEBOW MYKHU, €T0
AQHTarOHUCTHYECKAsi aKTMBHOCTh COXPAHAETCS, a HAa CMECH IUICHWYHOH MYKH W TpPUTHKaie
cHmkaercss a0 15 mm (pucyHok 1A). Haumbonee HWHTEHCHBHOMY KHCJIOTOHAKOIUICHHIO
CIOCOOCTBYeT 3aKBacKa Ha TpPUTUKaleBOM Myke. lcmonb3oBaHME  3aKBacKM — IpU
KYJIbTUBUPOBAHHH B TeueHHe 24 yacoB mo3BossieT goctiub tutpa 101 KOE/Mit. Uepes 48 gacos
tutp camsuics 1o 10° KOE/mn (pucysok 1B).

A

A - aHTaroHMCTHYECKash aKTHBHOCTh 3aKBAaCOK B OTHOIIIEHHH TecT-KynbTypbl Bacillus subtilis ATCC 6633
(1-myka TpuTHKaJE; 2-MyKa TPUTHKAJICHIIICHUYHAs MyKa; 3- MIIICHHYHAs MyKa)

I
| 1l

48 g

B - Tutp MKB, 244 - 10"KOE/Mmi; 484 - 101" KOE/mu;
Pucynok 1 - ®usnonoruyeckas akTHBHOCTh KOHCOPLIMYMa MOJIOYHOKHUCIIBIX OaKTepuii
XapakTeprCTHKa IPOMBIIUICHHO-IEHHBIX CBOMCTB BapHaHTOB 3aKBACKH W JUHAMHKA

(hepmeHTaTHBHOM akTUBHOCTH KOHcopimyma MKDB B mpoliecce KynTbTHBUPOBAHUS HA Pa3IHUHBIX
BapHUAHTAaX 3aKBACKH IMOKa3aHbl HA PUCYHKaxX 2 U 3.
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Pucynok 2 - XapakTepuCTHKa TPOMBIIIICHHO-TIEHHBIX CBOWCTB BApHAHTOB 3aKBACKH
(A- gepe3 24 qaca; b- uepe3 48 qacos;)

60
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[Mmerwaras Myka  [pHIHEANsOmeRrgsas Mysa  Myea TpaTHREATS

2o
miiyg

Pucynoxk 3 — lunamuka hepMeHTAaTUBHOM akTHBHOCTH KoHCopimyma MKDB B mpomecce
KyJIbTHBHPOBAHHUS Ha PA3IMYHBIX BapUaHTaX 3aKBAcKH (OCh aOCIFICC — BAPUAHTHI 3aKBACKH;
0OCh OpJIMHAT — epMEHTATUBHAS aKTUBHOCTh, MIH)

Hamu nokazano, uro k 24 yacam u nocie 48 yacoB KynbTuBupoBanusi MKb munumanbHoe
BpeMs Hadajia 00eclIBeYMBaHHUS METUIICHOBOM CHHHM OTMEYAETCs Ha CPEZIe C TPUTHKAICBOW MYKOH,
MOJTHOE 00ECIIBEUMBAHKE B JAHHOM BapUaHTE HACTynayo uepes 42-43 MUH. ITO CBHIETEITLCTBYET
0 BBICOKOH (hepMEHTAaTUBHOI aKTUBHOCTH KOHCOPIIUYMa.
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TakuM 00pazoMm, ONTUMAIBHBIMH PEKHMaMU KYIbTHBHPOBAHUS KOHCOPIIMYMA IS
coxpaHeHus: Bbicokoro TtuTpa KiIetok MKDB # MakcuManbHOro TPOSIBICHUS HUMH
AQHTarOHUCTHYECKUX CBOMCTB SABISETCS 3aKBAaCKa Ha TPUTHKAJIEBOM MYyKE, MPOJIOJIKUTEIBHOCTD
KyapTHBHpoBaHuS 48 uacoB, TTp MKB — 10 KOE/Mi1, aHTaroHHCTHYeCKas aKTHBHOCTH B
otHowmeHuu B. subtilis — 17 mwm, ipu pH -3,68 u TuTpyemoii kucnornoctu - 250 °T.

[lonyyen mnareHT Ha mnoyie3Hy0o wmozaelb Ne7146 ot 27.05.2022 r. «KoHcopuuym
mukpoopranu3zmoB Limosilactobacillus fermentum 31111, Limosilactobacillus pontis 9K3,
Lacticaseibacillus paracasei 126, npeaHa3Ha4eHHBIH /15 IPUTOTOBJICHHUS 3aKBACOK JIJISl PAKAHOTO
U MIIEHUYHOTO XJ1e0a, aHTarOHUCTUYECKU aKTHBHBIN B OTHOIIEHUH OakTepuil Bacillus subtilis».

3akBacka Ha OCHOBE KOHCOPIIMYMa MOJIOUHOKHCIBIX OakTepwmii L. fermentum 31111, L. pontis
9K3, L. paracasei 126, aHTaroHUCTUYECKH aKTUBHOTO B OTHOILICHUM OakTepuil B. subtilis MOxeT
ObITh HCMOJb30BAaHA B MPUTOTOBJIEHUH TPUTHKAIEBOrO XJjebda Juis 3alluThl €ro OoT
MHUKpoOHonornyeckoit nopuu. [lomyden mareHT Ha Moie3HYI0 Mojienb «Crocod MpUroTOBICHUS
MPOOMOTHUYECKON 3aKBACKU ISl IPUTOTOBIICHUS XJ1e0a».

TexHoOMOrMYeCcKas CXxemMa aKTHBAIIMKA W UCTIOJIb30BaHUS 3aKBACKU COCTOUT U3 CIEIYIOIINX
JTaroB:

1. IlpuroToBnenue NpoOMOTUYECKOM 3aKBACKU M3 YUCTHIX KYJIbTYp (Pa3BOJOYHBIHN IIUKIT)

2. [TpurotoBiieHUE MTUTATEIBHON CPEIbI.

3. BeiOpaxkxuBaHue 3aKBaCKH.

4. OcBexeHre 3aKBACKU U Pacxo/i Ha IPOU3BOJICTBO.

Ha ocHOoBaHMM TmpOBENEHHBIX WCCIEAOBaHWNW Obula pa3paboTaHa  TEXHOJOTHS
xJ1€000yIOUHBIX U3/IETUH U3 3€pHA TPUTHKAJIE C HUCIIOJIb30BAHUEM MTPOOUOTUYECKOM 3aKBACKH.

B penentype B onbITHBIX 00pa3iax xyieba OyneT BHECEHA B pa3HBIX KOJIMUYECTBAX 3aKBACKA,
MOJIyueHHasi Ha OCHOBE KOHCOpLUMYyMa U3 3-X IITaMMOB MOJOYHOKHUCIBIX OakTepuil asis

npefoTBpalieHus  «kaprodenbHoit  Oomeznm»  xieba. Jlns  BbIOOpa  ONTHUMAaIBHOTO
KOJIMYECTBEHHOTO BHECEHMS 3aKBACKM IPUTOTOBIEHBI OOpaslbpl xyeba ¢ pasIudHBIM ee
CofiepKaHUEM.

B mpuroroBieHHBIX 00pa3nax ONpenessuid OpraHOJeNTUYeCKHe, (U3NKO-XUMHUYECKUE
[oKa3aTear KayecTBa U MHUKpPOOMOJOTHYECKYI0 YCTOMUMBOCTH K KapTodenbHoi Oone3nu. B
Tabnuiie 3 TpUBEIACHBI IOKa3aTeNW KadecTBa moiydadbpukaToB u xjieba ¢ goOaBieHHEM
Pa3IMYHBIX KOJIMYECTB 3aKBACKH.

Tabmuua 3 — 3aBHCHMOCTh KadecTBa 1moay(hadpuKaToB U xjieda, MOTyYeHHBIX 0€30MapHbIM CIIOCOOOM, OT
KOJINYECTBA BHOCUMOH 3aKBaCKH

HaumenoBanue KonTposs (6e3 C 3aKBacKoil B KOJIMYECTBE, %o
nokazarerst 3aKBACKH) 5 8 10 12
KauectBo TecTa:
TponoskureLHOCTE 150 150 150 150 150
OpOKCHMS, MUH
Temnepatypa, °C 30£2 30£2 30x2 30£2 30£2
Brnaxxnocts, % 47,5 47,3 474 47,4 47,5
Kucnornocts, rpan 3,8 4,8 6,8 7,2 10,4
Hpo;[onxclv/ITeanOCTL 60 55 52 48 46
paccToiku, MUH
KauecTBo roroBoro xieba:
Obsem x1cba, 2305 240 250,4 260,4 265,83
cm®/100r
BraaxsocTs, % 46,2 46,0 46,4 46,5 46,4
[opucrocts, % 66,8 67,3 67,9 68,2 68,6
Kucnornocts, rpan 3,6 4,0 5,2 5,8 8,0
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OpranojenTrudeckas oleHKa xjaeda

dopma [IpaBunbHas, 6e3 TPEIIUH U TOPEIBOB
KopuuneBslii CBeT0-KOpUIHEBBI
Kopka
PaBHOMepHas, | PaBHoMepHn | PaBHomepHa | PaBHoMepHas, | PaBHOMepH
TopreTocTs MeJKas as, MenKas, | s, MeJKas, Ooree mMenkasi, | asi, MeJuKas,
p TOJICTOCTEHHA | TOJICTOCTEH | TOJCTOCTEHH | TOJCTOCTEHHA | TOJICTOCTEH
o Hasl ast o Hasl
He nunxui,
CocTosiHNE MSKHUIIIA XOpOIIO He nunkuii, XopoImo nponeyeHHbli, 3aCTUYHBIA
MIPOTICUCHHBIHN
N CBoilicTBeH N SApxo
CBOICTBEHHBI . CBoiicTBeHH N
i Ges HEIH, 0e3 o CBOMCTBCHHBI | BBIPKCHH
’ TTOCTOPOHH > U TIPUATHBIA | BIH KHCITBIHA
Bkyc u 3amax MTOCTOPOHHETO MIPHUATHBIMN,
ero . MIPUBKYC U apomar u
TIpUBKYCa, XJIEOHBIN N
N MIPHUBKYcCa, apomar KHUCIIBIN
MIPECHBIH o MIPHUBKYC
MTPECHBIN BKYC
MuxkpoOuonoruieckas
YCTOHYHMBOCTB K 3abomnen He 3a06o0nenu B Teuenue 120 yacos
3200JIeBaHUIO gepe3 48
«KapTodeTbHOM 4acoB
001e3HM

B cooTtBercTBUM ¢ pe3ynbTaTaMmy, NPEACTaBICHHBIMM B Tabmuie 3, NMpU BHECEHUU
MOJIOUHOKHUCJION 3aKBAaCKU B KOJMYECTBE OT 5 10 12 % K Macce MyKH HaOIIOAaIOCh COKpAIICHUE
MPOJIOJDKUTEIIBHOCTH  PAcCTOMKM 10 14 MUHYT, yBeIWYeHHE YAEIbHOTO o0bema XJjeba,
MOPUCTOCTU Ha 2,2 % W MOBBIIIEHUE TUTPYEMON KHCIOTHOCTH Ha 6,4 °T. OnHako yBenndeHue
JIO3UPOBKHM MOJIOYHOKHCIION 3aKBacku A0 12% oTpuuaTeNnbHO BIMAIO HA BKYCOBBIE KA4eCTBA U
apomaT uzaenuil. OTCyTCTBHE B TPUTHUKAJIEBOM TECTE KJICHMKOBMHHOIO KapKaca M IMENTU3alus
3HAYUTEIbHOM YacTh O€JIKOB O0OYCIOBIMBAIOT CHEHU(UUECKUE PEOJOTHYECKUe CBOMCTBa
TpuTHKaneBoro tecta. OHO He MPWIMINAET K pyKaM, KOHCUCTEHIMsS TimHooOpaszHas. [lpu
pa3KeBbIBAaHUM MSKHUIIA OLIYIIAETCS KUCIBIA MPUBKYC U 3amax xjeba ¢ ucronb3oBanuem 12 %
3aKBacKu. Takke OKpacka KOpPOK H3JeIHil mojiydaercs OoJiee OJICMHOW W3-3a TMOBBIIICHUS
KHCIIOTHOCTH.

[IpoBeneHHbIE HCCIEAOBAHUS CBUIETEILCTBYIOT O MOJOKUTEIBHOM BIHUSHUUA BHECCHUS
MOJIOYHOKHCIJIOHN 3aKBAaCKM Ha Ka4yecTBO Xjie0a U3 TPUTUKAIEBOH MYKH.

3akiaro4eHue

Ha ocHoBaHuU NpOBENEHHBIX HCCIENOBaHUN OblIa pa3paboTaHbl TEXHOJIOTHUS U PEXKUM
NPUTOTOBIICHUS TPUTUKAIEBOTO Xje0a ¢ 100aBICHHWEM 3aKBAaCKM Ha OCHOBE MOJOYHOKHCIIBIX
OakTepuil.

Hcnonp3oBaHne 3aKkBacKM MOJOYHOKUCIBIX Oakrtepuii B  komumuectBe 10% B
TEXHOJIOTMYECKOM TIpOIlecCe  BBIPAOOTKH TPUTHKAJIEBOrO XJieba IMO3BOJSIET COKPATUTh
IPOIOJDKUTEIBHOCTh PACCTOMKM Ha 12 MUHYT, yJaydIIaeT KadecTBO (B TOTOBOM IPOJYKTE
YBEJIMYUBAIOTCA YAETbHBIM 00bEeM, Macca M IMOPHUCTOCTb, YIYYIIAeTCsl apoMaTr U BKYC) U
YBEIMYHBACT CPOKU XPAHEHHSI TOTOBBIX M3JIEIHI 10 5-6 CYTOK, a TaK)Ke MOBBIIIAET YCTOHYNBOCTD
xneba Kk «kaptodenbHONH OO0JE3HW» W TUIECHEBEHHIO 3a CUET BBICOKOW aHTAarOHMCTHYECKOM
AKTUBHOCTH NMPOOHOTHYECKUX MUKPOOPTaHU3MOB 3aKBACKH.
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HccnenoBanusi mMpoBeJeHbl B PAMKax BBINOJHEHHUS NpoekTa «Pa3paboTka TEXHOJIOTHH
XJIEOOOYJIOUHBIX, MYYHBIX KOHIMUTEPCKUX H3JEIUNA M KOMOMKOPMOB Ha OCHOBE HOBBIX
OTEYECTBEHHBIX COPTOB TPUTHKAJIE» B paMKax Hay4HO-TEXHUYECKOW nporpammbel BR10764977
«Pa3paboTka COBpeMEHHBIX TexHOJOruid mpousBojacTBa bAJloB, ¢(epmeHTOB, 3aKBacok,
KpaxMaya, Macel M Jp. B LEIIX 00eCHedeHHs pa3BUTUS IHUILEBOM INPOMBIIUIEHHOCTH
OroxeTHO mporpamMmel 267 «lloBblieHHE AOCTYMHOCTH 3HAHMM M HAYYHBIX HCCIEIOBAHUII
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TOJIBI.
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CYT KbIIKBbIJIAbI BAKTEPUAJIAPBIHA HET'T3JIEJI'EH AILIBITKBIHBI
KOJIJAHA OTBIPBIIT TPUTUKAJIE YHBIHAH )KACAJIFAH HAH OHIMJIEPIH
OHPIY TEXHOJIOTHUACHI

Tyiiin

bunaii-kapa 6mmait ruOpuIi — TPUTHKAJE, AMIUHKBIIIKBIIIBIK KYpaMbl 0aii ’KoHe YHHBIH KypaMbIHIa
TJIOTEHI a3, OYTiHTI KYHI HaH OHIMIEPiH OHIIPyAe KOJIAHBUIATHIH MEPCICKTUBAIBI JOH/I JAKbII OOJIBITT
Tabbutazapl. Jlerenmen, Oumail MeH Kapa Oupail HAaHBIH MICipy YIUiH KOJJAHBUIATBHIH JOCTYPIIi pelentTep
TPUTHKAJIE YIIiH >KapaMChI3, MiCipy TEXHOJOTHACHIHA KaHA KO3KapacThl Tajam ereai. KaMbIpasiH KoHEe
JMalbIH OHIMHIH KacHeTTEpiH JaKcapTy YINH CYT KBIIIKBUIBI OaKTepUsIIaphIHBIH KOHCOPIIMYMBIHA
HETi3/Ie/ITeH allbITKBIHBI Al janany Typajibl eniM Kaobsuraanasl. Koncopiuymra nakroOakTepusiiap by
ym mrammel - kipai:  Limosilactobacillus  fermentum 31101, Limosilactobacillus pontis  9KS3,
Lacticaseibacillus paracasei 126. Koncopiiuym HeTi3iHOe TpUTHKAje KoHE Onmail YHBIHAH, Cy JKOHE
KOHCOPIIMYM  KOCBUIFaH  aIBITKBIHBIH OipHEme Typi o3ipJieH[Ii. AMIBITKBIHBIH  KBIIKBUIIBIFEI,
AHTaroOHUCTIK >KoHE pepMeHTaTUBTI Oercenaiir enmenai. KypaMbeinaa spTypai Meniepaeri aibITKbIMEH
TOXIpUOEIiK HaH Micipy KYPri3uULii, OHBIH OapBICHIHIA TPUTHKAJIEC HAHBIHBIH TEXHOJIOTHSIIBIK MPOIIeCiH/Ie
ambITKBIHBIH 10% Menmiepinie KOChUTYbl HAHHBIH KOTEPLTY YaKbIThIH 12 MUHYTKA KbICKAPTYFa MYMKIHIIK
OepeTiHi, HAaHHBIH CanachlH XaKCapTAaThIHBI JAlbIH OHIMII OHE NaiblH OHIMHIH cakTay Mep3iMiH 5-6
KYHT€ JeHiH apTThIpaTbIHBI, COHBIMEH KAaTap AambITKBIHBIH NPOOHOTHUKAJIBIK MHUKPOOPTaHU3MAEPiHIH
JKOFaphl aHTarOHHUCTIK OeJICeHAUTITiHE OalIaHBICTHI HAHHBIH «KapTOIl aypybIHA» )KOHE 3€HIe TOIIMALIITIH
apTTHIPATHIBI AHBIKTAIIBI.

Kiarri ce3nep: Tputukane, nakTodakTepusiiap, MpoOHOTHKAIBIK AIIBITKBI.
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TECHNOLOGY OF PRODUCTION OF BAKERY PRODUCTS MADE OF TRITICALE
FLOUR USINGA STARTER CULTURE BASED ON LACTIC ACID BACTERIA

doi:10.53729/MV-AS.2023.02.13

Abstract

Wheat-rye hybrid triticale, having a rich amino acid composition and a reduced gluten content in
flour, is currently a promising grain crop for use in bakery production. However, traditional recipes that are
used for baking wheat and rye bread are not suitable for triticale, requiring a new approach to cooking
technology. To improve the properties of the dough and the finished baking, a starter culture based on a
consortium of lactic acid bacteria was used. The consortium includes three strains of lactobacilli:
Limosilactobacillus fermentum 3H1, Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126.
Based on the consortium, several types of starter cultures containing triticale and wheat flour, water, and
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the consortium were developed. The acidity, antagonistic and enzymatic activity of the starter were
measured. A trial baking of bread with different sourdough content was carried out, during which it was
determined that the addition of sourdough in an amount of 10% in the technological process of producing
triticale bread reduces the duration of proofing by 12 minutes, improves the quality of the finished product
and increases the shelf life of finished products up to 5-6 days, and also increases the resistance of bread to
"potato disease" and mold formation due to the high antagonistic activity of probiotic microorganisms of
the starter culture.
Keywords: triticale, lactobacilli, probiotic starter culture.

It is known that wheat, which has priority in use, is insufficiently resistant to a number of
diseases, suffers from extreme environmental conditions, has a reduced content of a number of
essential amino acids, primarily lysine. The advantage of rye is high productivity and resistance to
adverse conditions, at the same time it has low baking properties. In this regard, the triticale grain
crop, which is a hybrid of wheat and rye, is of interest. The wide and rapid spread of triticale
occurred due to high yields, unpretentiousness in cultivation (resistance to diseases, allowing to
exclude pre-sowing seed treatment, high winter hardiness), increased lysine content and versatility
in use. [1-5].

At the same time, the lack of practical implementation of triticale bread technology, low
consumer satisfaction with the assortment of bakery products revealed in the process of
sociological surveys, as well as the need to update approaches to assessing the consumer properties
of enriched products, justify the expediency of conducting research in this direction.

Of great interest is the use in the technology of flour confectionery products instead of wheat
flour of the highest grade tritical flour, which, firstly, has a higher content of the vital amino acid
lysine in 1 g of protein, a high content of riboflavin, thiamine, some macro- and microelements,
and secondly, has better technological properties for these types of products, since it contains less
gluten of weak quality [6-10].

Based on comprehensive studies of safety indicators, baking properties and composition of
triticale grain, the feasibility of its use in bread technology has been theoretically substantiated and
scientifically confirmed. The developed starter culture based on the consortium of lactic acid
bacteria Limosilactobacillus fermentum 3H1, Limosilactobacillus pontis 9K3, Lacticaseibacillus
paracasei 126, intended antagonistically active against bacteria Bacillus subtilis can be used in the
preparation of triticale bread to protect it from microbiological spoilage [11-13].

The scientific novelty also lies in the scientific substantiation of the formula and technology
for the production of compound feeds using sprouted triticale grain and the use of extrusion
technology in order to improve quality and increase shelf life.

Materials and methods of research

The main objects of development were sourdough and bread.

Experimental studies were carried out using the following modern methods, which make it
possible to obtain characteristics of raw materials and products based on a set of indicators.

Triticale flour and wheat flour of the highest grade were used to obtain the starter culture.
The selected "Consortium 2", which includes Limosilactobacillus fermentum 3H1,
Limosilactobacillus pontis 9K3, Lacticaseibacillus paracasei 126 in a culture ratio of 1:1:1. The
consortium of lactic acid bacteria was introduced into the nutrient medium in an amount of 10%,
cultured at a temperature of 35 £ 2°C within 48 hours.

To study the antagonistic activity of cultures of lactic acid bacteria, the method of diffusion
into agar was used. 0.1 ml of a test culture was sown on the surface of a dense MPA agar in Petri
dishes to determine the antibiotic activity of Bacillus subtilis ATCC 6633 (1x106 CFU/ml). After
seeding the test culture with a sterile spout, wells with a diameter of 10 mm were cut out in the
medium, 2 wells for each studied strain of lactic acid bacteria. The studied strain was introduced
into each well on the MRC medium.

201



MMKPOBHOJIOI'Us )KOHE BUPYCOJIOI'UA ISSN 2304-585X No2 (41) 2023  www. imv-journal.kz

Titrated acidity was determined by the Turner method. To do this, measure 10 ml of the
sample and add 20 ml of distilled water and 3 drops of 1% phenolphthalein solution. The resulting
mixture is mixed and titrated with a solution of 0.1 n caustic soda until a faint pink staining appears,
which does not disappear for 1 min. The result of the analysis is obtained by calculating the amount
of alkali used for titration multiplied by 10.

A common method for indirectly determining the activity of lactic acid bacteria is the use of
dye indicators, the reduced forms of which change color under the action of microorganisms'
enzymes. We determined the enzymatic activity of lactic acid bacteria by the rate of transition of
the blue color of methylene blue (0.01% p-r) to colorless. In single-day pure cultures of lactic acid
bacteria, the beginning of discoloration of methylene blue was noted after 23-27 minutes, complete
discoloration occurred after 50-70 minutes. This indicates a high enzymatic activity of cultures.

On the basis of triticalic and wheat flour, three variants of sourdough were created for
comparison:

Tritical flour + water + sourdough

Tritical flour and wheat flour (1:1) + water + starter culture

Wheat flour + water + sourdough

The ratio of flour to water is 1:2 and 10% sowing of starter culture

Laboratory samples of bread were prepared with the following amount of starter culture:

Sample 1 — control according to the recipe without leaven;

Sample 2 — with sourdough in the amount of 5%;

Sample 3 — with starter culture in the amount of 8%;

Sample 4 — with starter culture in the amount of 10%;

Sample 5 - with a starter culture in the amount of 12%.

As a control, samples of triticale flour bread without sourdough were used. The analysis of
the quality of bread was carried out 14-16 hours after baking according to generally accepted
methods.

Results and discussion

In order to work out the optimal technological modes of obtaining the consortium, studies
were conducted on the selection of a nutrient medium, determining the optimal cultivation time,
ensuring a high titer of lactic acid bacteria cells and the maximum manifestation of antagonistic
properties by them.

During 48 hours of consortium cultivation, the biotechnological properties (on the medium
of MRC) were evaluated - the pH of the culture fluid, acid-forming activity, antagonism of ICD to
B. subtilis ATCC 6633 and the titer of cells (Table 1).

Table 1 - Characteristics of the consortium's industrially valuable properties

pH 4,05
Titrated acidity according to Turner, °T 125 °T
Cell titer, CFU/ml 1010
Antagonistic activity, mm 20,3 £0,3

All indicators were determined after 24 and 48 hours (Table 2).

Table 2 - Characteristics of the industrially valuable properties of the starter

Variants
Indicators After 24 hours After 48 hours
t wh t/wh t wh t/wh
1 2 3 4 5 6 7
pH 3,75 3,73 3,67 3,68 3,51 3,57
Titrated Turner acidity, °T 235 111 155 250 119 175
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Table 2 countinued
1 2 3 4 5 6 7
Cell titer, CFU/mI 101 101 101 10 10 10 10 1010
A”tggo'.“s“c activity against | 47,91 | 14402 | 19401 | 17+0.1 | 13%0,1 | 15#0,1
acillus subtilis, mm
Enzymatic activity, min 42 65 56 43 72 57
Note — Tritical flour, wheat flour, tritical/wheat flour

The greatest antagonism of ICD to 24 hours of cultivation is manifested when using a starter
culture of triticale flour in a mixture of wheat flour - 19 mm (diameter of the growth suppression
zone of Bacillus subtilis) and triticale flour - 17 mm. By 48 hours of consortium cultivation on a
medium using only triticale flour, its antagonistic activity remains - 17 mm, and on a medium
where triticale flour + wheat flour decreases to 15 mm (Figure 1A). The most intensive acid
accumulation is promoted by a starter culture on triticalic flour. When using the starter culture
during cultivation for 24 hours, it allows to reach a titer of 1011 CFU/ ml, and after 48 hours the
titer decreased to 1010 CFU/ml (Figure 1B).

A

A - antagonistic activity of starter cultures against Bacillus subtilis ATCC 6633 test culture (1-
triticale flour; 2-triticale flour + wheat flour; 3- wheat flour)

B - LAB titer, 24h - 1011 CFU/ml; 48h - 1011 CFU/ml;

Figure 1 - Physiological activity of a consortium of lactic acid bacteria
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The characteristics of the industrially valuable properties of the starter culture variants and
the dynamics of the enzymatic activity of the ICD consortium during cultivation on various starter
cultures are shown in Figures 2 and 3.

A
25
20
) —pH
135
e titr ated Turner
10 acidity (°T)
- — AtitA F ot St
. activity
1]
Wheat flour  Triticale + Triticale flour
wheat flour
B
30
23
13 ety ated Turmer
10 acidity ("T)
- s atita S0 st
. activity
0

Wheat flour Triticale + Trificale
wheat flour flowur

Figure 2 - Characteristics of industrially valuable properties of the starter variants

Wheat flour Triticale+wheat Triticale lour
flour

m24h
m4ddh

Abscissa axis — starter variants; ordinate axis — enzymatic activity, min

Figure 3 — Dynamics of the enzymatic activity of the LAB consortium in the process of cultivation on
various starter cultures
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We have shown that by 24 hours and after 48 hours of lactic acid bacteria cultivation, the
minimum time for the beginning of discoloration of methylene blue is noted on a medium where
tritical flour, complete discoloration occurred after 42-43 minutes. This indicates a high enzymatic
activity of the consortium.

Thus, the most optimal modes of cultivation of the consortium for maintaining a high titer
of lactic acid bacteria cells and the maximum manifestation of antagonistic properties by them is
a starter culture with tritical flour, the duration of cultivation is 48 hours, the ICD titer is 1010
CFU/ml, antagonistic activity against B. subtilis is 17 mm, at pH -3.68 and titrated acidity is 250°T.

Received a patent for utility model No. 7146 dated 05/27/2022 "Consortium of
microorganisms L. fermentum 3H1, L. pontis 9K3, L. paracasei 126, designed for the preparation
of starter cultures for rye and wheat bread, antagonistically active against bacteria B. subtilis".

Starter culture based on a consortium of lactic acid bacteria L. fermentum 3H1, L. pontis
9K3, L. paracasei 126, antagonistically active against bacteria B. subtilis can be used in the
preparation of triticale bread to protect it from microbiological spoilage. A patent has been
obtained for a utility model "A method for preparing probiotic starter culture for making
bread". The technological scheme of activation and use of the starter culture consists of the
following stages:

1. Preparation of probiotic starter culture from pure cultures (breeding cycle)

2. Preparation of the nutrient medium.

3. Fermentation of the starter culture.

4. Leaven refreshment and production costs.

Based on the conducted research, the technology of bakery products from triticale grain
using probiotic starter culture was developed.

In the recipe, the starter culture obtained by a consortium of 3 strains of lactic acid bacteria
will be introduced in different quantities in experimental bread samples to prevent the "potato
disease" of bread. To select the optimal amount of the introduced starter, bread samples with
different percentages were prepared.

Organoleptic, physico-chemical quality indicators and microbiological resistance to potato
disease were determined in the prepared samples. Table 3 shows the quality of semi-finished
products and bread with the addition of various amounts of sourdough.

Table 3 — The quality of semi-finished products and bread with the use of sourdough in different quantities
in a non-paired way

o Control With sourdough in quantity, %
Name of the indicator (without
starter culture) 5 8 10 12
Test quality:
Duration of 150 150 150 150 150
fermentation, min
Temperature, °C 30£2 30£2 30x2 30£2 30x2
Humidity, % 47,5 47,3 47,4 47,4 47,5
Acidity, deg 3,8 4,8 6,8 7,2 10,4
Duratlonn(q);‘nproofmg, 60 55 59 48 16
The quality of the finished bread:
Bread volume,
cm¥100g 230,5 240 250,4 260,4 265,8
Humidity, % 46,2 46,0 46,4 46,5 46,4
Sponginess, % 66,8 67,3 67,9 68,2 68,6
Acidity, deg 3,6 4,0 5,2 5,8 8,0
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Organoleptic evaluation of bread

Form Correct, without cracks and explosions
Crust Brown Light brown
Uniform. fine Uniform, Uniform, Uniform, Uniform,
Sponginess . ’ fine thick- fine thick- | smaller, thick- | fine thick-
thick-walled
walled walled walled walled
Crumb condition Not sticky, Not sticky, well-baked, elastic
well baked
Chara_lcterlstlc, (_:hara_cterls Characteristi | Characteristic Pronounced
without tic, without sour aroma
Taste and smell ¢, pleasant, pleasant taste
extraneous extraneous bread flavor and aroma and sour
taste, bland taste, bland taste
Mlg:roblologlcal Got sick after Didn’t get sick for 120 hours
resistance to the
" . " 48 hours
potato disease

In accordance with the results presented in Table 3, when lactic acid starter culture was
applied in an amount from 5 to 12% by weight of flour, a reduction in the duration of proofing to
14 minutes was observed, an increase in the specific volume of bread, porosity by 2.2% and titrated
acidity by 6.4 OH. However, an increase in the dosage of lactic acid starter to 12% negatively
affects the taste and aroma of the products. The absence of a gluten framework in the tritical test
and the peptization of a significant part of the proteins determine the specific rheological properties
of the tritical test. It does not stick to the hands, the consistency is wedge-shaped. When chewing
the crumb, a sour taste and smell are felt with 12% of the starter culture. Also, the color of the
crusts of the products turns out to be paler due to an increase in acidity.

The conducted studies show a positive effect of the introduction of lactic acid starter culture
on the quality of triticale flour bread.

Conclusion

Based on the conducted research, the technology and mode of preparation of triticale bread
with the addition of lactic acid sourdough was developed.

The use of lactic acid bacteria starter culture in an amount of 10% in the technological
process of producing triticale bread reduces the duration of proofing by 12 minutes, improves
quality (specific volume, mass and porosity increase in the finished product, aroma and taste
improve) and increases the shelf life of finished products up to 5-6 days, and also increases the
resistance of bread to "potato disease” and mold formation due to the high antagonistic activity of
probiotic microorganisms of the starter culture.
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